Hypertension prior to the onset of the initial myocardial infarction in men is associated with an excess early mortality rate: among men with elevated blood pressure the proportion dead within 1 month is more than twice that found among normotensive men with a first infarction. Hypertensives who survive the acute attack show twice the risk of recurrence and more than five times the risk of cardiac death over the next several years in comparison with men with normal blood pressure prior to infarction.
SUMMARY
Hypertension prior to the onset of the initial myocardial infarction in men is associated with an excess early mortality rate: among men with elevated blood pressure the proportion dead within 1 month is more than twice that found among normotensive men with a first infarction. Hypertensives who survive the acute attack show twice the risk of recurrence and more than five times the risk of cardiac death over the next several years in comparison with men with normal blood pressure prior to infarction.
Among men whose first clinical evidence of coronary disease is angina pectoris, those with an elevated blood pressure have two and one half times the likelihood of experiencing a first myocardial infarction and cardiac death within a follow-up period of 30 months.
These findings are from the HIP (Health Insurance Plan of Greater New York) study of the incidence and prognosis of coronary heart disease, an ongoing prospective study of a general population of 110,000 men and women aged 25 to 64 years.
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Angina pectoris SYSTEMIC arterial hypertension has long been recognized as a factor which stresses portions of the cardiovascular system. Studies of different human populations have shown that individuals with relatively high levels of blood pressure are more apt than other individuals to develop cardiovascular disease and to manifest such disease at a relatively young age.1 2 This report deals with the prognosis of men from the time of the initial clinical diagnosis of angina pectoris or myocardial infarction and examines the extent to which hypertensives exhibit a less favorable course in comparison with men of the same age who had lower levels of blood pressure.
The data are from the Coronary Heart Disease Study conducted by the Health Insurance Plan (HIP) of Greater New York. The general study population consists of about 110,000 adults, aged 25 to 64 years, who were members of participating HIP medical groups and had been in the Plan for at least 2 years. The study was designed to identify all patients within this population who developed certain clinical manifestations of coronary heart disease over a case finding period of 4 years, starting November 1, 1961.
Methods
The details of the study methodology and criteria have been published. 3 4 In brief, patients are invited to attend a special study examination (referred to as the "base line") whenever the medical records suggest the development of coronary heart disease. In addition to the data obtained at this examination, all medical records (in and outpatient) are abstracted. Next of kin interviews, death certificates and autopsy reports are also obtained. Patients satisfying the study's criteria for the development of a new manifestation of coronary heart disease Circulation, Volume XXXVIII, August 1968 enter one of the several study cohorts that are being followed prospectively. This report is limited to two groups of men, one with angina and the other with a first myocardial infarction. The angina cohort consists of all men from the entire population at risk who developed angina pectoris without prior myocardial infarction during the study's 4 years of case finding. Excluded from this cohort were those patients who had evidence of aortic valvular disease and those who experienced a definite myocardial infarction after the onset of angina but before the base-line examination. The diagnosis of angina was based entirely upon the characteristics of the pain pattern as recorded by the study's internist at the base-line examination. Those elements which are normally assessed in the clinical diagnosis of angina were weighed in a standardized fashion which has been described. 4 The angina cohort here reported upon is restricted to men in whom this assessment was considered sufficiently characteristic to warrant the designation "definite" angina. The cohort is further limited to men whose symptoms had lasted more than 2 months, in order to permit sufficient time for characterization of the symptom complex, as well as to avoid confusion with "Cpre-infarction syndrome."
The myocardial infarction (MI) cohort consists of all men who experienced their initial clinical episode of myocardial infarction in the 4 years of case finding. The diagnosis of myocardial infarction was based upon classic ECG abnormalities or upon the combination of characteristic symptoms, clinical and laboratory findings, plus less specific ECG abnormalities.4 Patients dying prior to clinical evaluation under defined circumstances suggesting that death was due to an initial "new coronary event" are included in this MI cohort.
All surviving patients in both the angina and MI cohorts are reexamined 6 months after the base-line examination and at biennial intervals thereafter. Telephone interviews are conducted in the intervening years.
Blood Pressure Classification

Angina Cohort
The blood pressure classification for the angina cohort was based on the initial casual blood pressure recorded at the base-line examination. An elevated blood pressure is defined as a systolic reading of 160 mm Hg or greater or a diastolic of 95 or greater, or both.
Myocardial Infarction Cohort
To characterize the blood pressure level of men prior to their first myocardial infarction, a combination of medical record information and patient history was utilized. Patients for whom Circulation, Volume XXXVIII, August 1968 three or more casual blood pressure determinations were recorded in the HIP medical charts (not during any hospitalization) with systolic levels of 160 mm Hg or greater, or diastolic levels of 95 or greater, or both, were classified as having elevated blood pressure. If only one or two elevated readings were noted, the blood pressure was classified as elevated only if in addition a diagnosis of hypertension was indicated on the medical record or if left ventricular hypertrophy was in evidence on the ECG.
Patients were classified as normal with respect to blood pressure if the systolic pressure was recorded as under 140 mm Hg and the diastolic as under 90 on one or more occasions, provided no higher levels of blood pressure were recorded, and no history of hypertension was noted in the chart. For patients with no blood pressure readings recorded prior to the MI, a classification of normal blood pressure was made if there was a denial of hypertension by history and the baseline reading was under 160 mm Hg systolic and under 95 diastolic.
Patients with blood pressure findings not meeting the definition of "elevated" or "normal" were classified as borderline.
Results
Angina Pectoris
In the 4 years of case finding, ending October 31, 1965, 275 men were identified as having developed angina pectoris in the apparent absence of myocardial infarction or valvular heart disease. These men reached the base-line examination relatively early in the course of disease. Nearly half had been symptomatic for 6 months or less, and four out of five for 12 months or less.
The prognosis for this group of men in the 2.5 years following the base-line examination is presented in table 1 in terms of the probability of experiencing an initial myocardial infarction and cardiac death.* The probability *These probabilities, cumulated over three time intervals, were computed by standard life table techniques. At the cut-off date for the observations included in this report (May 1, 1967), the men in the angina cohort had been followed for differing periods of time. Information on the first interval of 6 months following the base line was available on the entire cohort; 87% were under observation during the next interval of 12 months; the final 12-month interval was applicable to 60% of the cohort. Observations on mortality and on the occurrence of a first MI were complete in all men due for a given examination or interview. *The blood pressure classification is described under "Methods." Omitted from the table are 107 men with first MI for whom there was insufficient information to categorize blood pressure as of date of MI. The most common situation in which the blood pressure could not be classified arose from men who died suddenly under circumstances meeting the study criteria for "new coronary events leading to death" for whom no prior medical records containing blood pressure information could be located. Thus 67 of the 107 men were dead within 1 month of their first MI. tConfidence level in test of statistical significance between the two rates is 0.99. of initial infarction for the entire cohort within this 30-month period is 12.5o, and that of cardiac death 7.5%. Men aged 55 years and over appear to be at somewhat higher risk for these events than those under 55, but at this stage of the study the difference is not statistically significant.
The blood pressure classification, adjusted for age, bore a striking relationship to the prognosis. Approximately one fourth of the men in the angina cohort had a systolic level of 160 mm Hg or greater or a diastolic level of 95 or greater, or both, on casual examination. Over the next 30 months these men have two and one half times the probability of a first MI or cardiac death shown by the men with lower levels of blood pressure. (See age-adjusted rates in table 1.) tConfidence level in test of statistical significance between the two rates is 0.99.
4Included are 40 men whose blood pressure as of time of MI was unclassified.
Myocardial Infarction Early Mortality
Of the 881 men who experienced a first MI in the 4 years of case finding, 36% were dead within 1 month of onset. This early mortality rate is similar to that found in other population studies which use periodic examinations of the entire population to locate new cases.5' 6 The early mortality increased with age, from 25% among men under age 45 to 42% of those aged 55 to 64 years (table 2) . Among the 601 men who were hospitalized with their first infarction, early mortality was about half that shown for the entire cohort (17%). A parallel increase with age also appeared among the hospitalized men, from 10% among men under 45 years of age to 23% of those aged 55 to 64 years. Hypertension prior to the onset of a first MI is associated with substantially increased risk of death with the acute episode (table 2). The disadvantage for the hypertensive men is exhibited within each age group, and is especially pronounced among men under 55 years of age. When the data are compared following adjustment for age, the early mortality rate for men with elevated blood pressure is twice that for men considered to Circulation, Volume XXXVIII, August 1968 have had normal blood pressure prior infarction (43 and 21%, respectively).
to
One-Month Survivors
Among men still alive 1 month after their initial MI, the probabilities of experiencing a second infarction and of cardiac death within the period ending 4.5 years from initial MI were computed* (table 3) . Twentyfive per cent of the 1-month survivors can be expected to experience a second MI, and 16% can be expected to die of cardiac disease within this time period. These probabilities are lower for men under 45 years of age at the time of initial infarction than for older men, and the data with respect to hypertension have therefore been age-adjusted.
The blood pressure classification, which was based upon information recorded prior to the onset of the initial MI, showed a striking relationship to these probabilities. Men classified as having elevated blood pressure had twice the likelihood of experiencing *All observations, -which were due on these men before May 1, 1968, are included in the analysis. Over the course of the observation period, extending up to 4.5 years from date of MI, five men were lost to follow-up for mortality and seven men for recurrence status. a second infarction and more than five times the likelihood of cardiac death shown by men with normal blood pressure. The data in table 3 were obtained by cumulating the entire experience gained in a total of 4.5 years of observation after the initial event. To determine whether the disadvantage of the hypertensive men was concentrated in a particular segment of this follow-up period, the 4.5 years after onset were divided into three consecutive time intervals; the probabilities of first recurrence and cardiac death were computed separately for each interval and are presented as annualized age-adjusted rates in table 4. In each of these time intervals the men with elevated blood pressure prior to their initial MI showed distinctly higher rates of recurrence and cardiac death than the men with lower levels of blood pressure.
Discussion
This study provides data on the extent to which the arterial blood pressure is related to the prognosis of men following the clinical onset of coronary heart disease. Cases are obtained from a study based on 55,000 men aged 25 to 64 years enrolled in the Health Insurance Plan. Amnong men whose disease begins as angina pectoris, the "hypertensives" are two and one half times as likely to suffer an infarction and cardiac death in comparison with the "normotensives" of the same age, in a period of 30 months of observation following the diagnosis.
In this population a myocardial infarction was by far the commoner initial clinical manifestation of coronary heart disease. Over the 4 years of case findings 881 men experienced a first MI, while 275 men sustained a diagnosis of angina without prior MI. The habitual blood pressures recorded prior to the initial clinical MI permitted definition of groups of men who differed greatly in their immediate and longer-term response to this event. The early mortality was twice as high in the hypertensives as in normotensives after taking age differences into account. This relative disadvantage continued long after the period of early mortality. Men classified as hypertensives on the basis of their pre-infarction blood pressure exhibited a much higher recurrence rate throughout the 4.5 year period of observation following their initial MI. Their relative disadvantage was even greater with respect to the risk of cardiac death.
It is probable that hypertension exerts a number of influences which might account for these findings. Arterial hypertension represents an increased impedance to left ventricular ejection, requiring an increase in the left ventricular work load and an increase in the left ventricular myocardial oxygen consumption. This is normally provided by an increase in coronary blood flow per unit of muscle mass. In addition, systemic hypertension induces left ventricular hypertrophy. This increase in muscle mass creates an increase in the total coronary blood flow requirement.
There is also evidence to indicate that arterial hypertension accelerates the rate of atheroma formation in experimental animals on an atherogenic diet.7' 8 In all likelihood the same effect occurs in humans. Data from the Framingham study suggest that for any given level of serum cholesterol the incidence of myocardial infarction increases with the level of blood pressure.'
Hypertension thus may promote the development of obstructive coronary artery disease by accelerating atherogenesis while simultaneously increasing the requirement for coronary blood flow by increasing the left ventricular work load and muscle mass. This combination of circumstances might be expected to lead to myocardial ischemia, angina pectoris, myocardial infarction, and sudden death. An hypertrophied heart, supplied by atheromatous coronary arteries, might be less capable of adapting to an acute myocardial infarction than the nonhypertrophied heart of a normotensive subject. Thus, the higher early mortality experience of hypertensives is not unexpected. The continuation of these processes might account for the relatively poor longer-term prognosis of the hypertensive survivors of a first myocardial infarction.
These data cannot be interpreted to indicate whether lowering of the blood pressure would reduce these adverse influences and, if so, how soon and how effectively. They do add support to the suggestion that the level of arterial blood pressure is a major factor which determines the rate of development of generalized and coronary atherosclerosis in American men. The prevalence of hypertension among men with no clinical evidence of coronary heart disease is substantial, and hypertensives who develop clinical manifestations of coronary heart disease have a subsequent prognosis which is demonstrably worse than that of men with lower levels of blood pressure. These observations Circulation, Volume XXXVIII, August 1968 add urgency to the desirability of suitable clinical trials designed to test the hypothesis that reduction of elevated blood pressure levels in men apparently free of coronary heart disease will reduce their risk of incurring this disease and dying from it. Acknowledgment
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